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GENOMICS	
  

Genomic	
  sequencing	
  
output	
  x2	
  every	
  9	
  month	
  
>300	
  public	
  centers	
  







Next	
  GeneraDon	
  Sequencing	
  

Base	
  Pairs	
  

Extract	
  DNA	
  
Amplify	
  
Shear	
  

Sequence	
  



Analogy	
  

•  How	
  we	
  assemble	
  
– PaHern	
  
– Grammar	
  

•  DNA	
  sequence	
  	
  
– AGATTCATAG	
  -­‐	
  ???	
  
– We	
  don’t	
  fully	
  
understand	
  the	
  
language	
  yet	
  



The	
  Sequence	
  Assembly	
  problem	
  

(Gilchrist,	
  2010)	
  

•  ReconstrucDng	
  conDguous	
  DNA	
  regions	
  (conDgs)	
  	
  
	
  	
  	
  	
  from	
  a	
  set	
  of	
  short	
  sequences	
  (reads,	
  kmers)	
  	
  



Assembly	
  

Feature	
  PredicDon	
  

AnnotaDon	
  

ComparaDve	
  Analysis	
  

EvoluDonary	
  Analysis	
  

Raw	
  reads	
  

ConDgs	
  

Genes,	
  RNA	
  

FuncDonal	
  
Assignment	
  

Protein	
  families	
  

Alignments,	
  
Trees	
  
Domains,	
  
Profiles	
  

Read	
  cleaning	
  
De	
  novo	
  assembly	
  	
  
Assembly	
  validaDon	
  

Universal	
  genes:	
  reverse	
  profile	
  search	
  
Homology	
  search:	
  by	
  signature	
  or	
  alignment	
  
Chromosomal	
  clustering	
  	
  

ORF	
  predicDon,	
  rRNA	
  &	
  tRNA	
  predicDon	
  
Gene	
  model	
  building	
  
	
  

Protein	
  families:	
  exisDng	
  and	
  new	
  
Structural	
  analysis	
  
	
  

MulDple	
  Sequence	
  Alignment	
  
PhylogeneDc	
  trees	
  
Profiles	
  for	
  protein	
  families/domains	
  
Orthorlogs	
  and	
  paralogs	
  
Horizontal	
  Gene	
  Transfer	
  	
  	
  

Sequencing	
  
Microbial	
  Genome	
  
Analysis	
  Pipeline	
  



“We know more about the movement of celestial bodies 
than about the soil underfoot.”    

- Leonardo DaVinci, circa 1500 



Microbial	
  Universe	
  
1	
  kilogram	
  of	
  soil	
  
1013	
  microbial	
  cells	
  (1030	
  for	
  the	
  enDre	
  Earth)	
  
	
  
Most	
  (>99%)	
  have	
  never	
  been	
  culDvated	
  and	
  their	
  
properDes	
  are	
  unknown	
  

	
  
	
  
	
  
	
  
	
  
	
  
Microbes	
  are	
  responsible	
  for	
  
fundamental	
  life	
  processes	
  on	
  a	
  global	
  
scale,	
  they	
  under	
  pin	
  the	
  Earth’s	
  
ecosystems	
  and	
  	
  control	
  cycling	
  of	
  C,	
  N,	
  
P	
  and	
  other	
  nutrients.	
  
	
  	
  

Stars	
  in	
  the	
  Galaxy	
  
1011	
  
	
  
Stars	
  in	
  the	
  Universe	
  
1024	
  
	
  
There	
  are	
  a	
  million	
  Dmes	
  as	
  
many	
  microbes	
  on	
  earth	
  as	
  
stars	
  in	
  the	
  	
  known	
  universe	
  



How	
  many	
  kinds?	
  
	
  

Where	
  are	
  they?	
  
	
  

Where	
  do	
  they	
  come	
  from?	
  
	
  

What	
  are	
  they	
  doing?	
  



Metagenomics	
  

(BerFn	
  et	
  al,	
  2011)	
  

•  DNA	
  sequence	
  informaDon	
  is	
  extracted	
  from	
  enDre	
  
samples	
  in	
  situ	
  

•  1030	
  microbial	
  cells	
  on	
  earth,	
  99%	
  unculturable	
  
•  Ecology	
  





Quality	
  Control	
  

Phylotyping	
  

Binning	
  

Feature	
  PredicDon	
  

AnnotaDon	
  

Raw	
  reads	
  

Clean	
  reads	
  

Abundance	
  	
  
profile	
  

Reads	
  in	
  
Tax.	
  groups	
  

ConDgs	
  

Filtering,	
  trimming,	
  dereplicaDon	
  
Adapter	
  removal	
  
Model	
  organism	
  screening	
  

ProbabilisDc	
  inference	
  	
  
Homology	
  search	
  
Clustering	
  	
  

K-­‐mer	
  analysis	
  
Species	
  diversity	
  esDmaDon	
  
	
  

De	
  novo	
  metagenome	
  assembly	
  	
  

Metagenomics	
  
Sequencing	
  

Metagenomic	
  Pipeline	
  

Assembly	
  

Genes,	
  RNAs	
  

FuncDonal	
  	
  
assignment	
  

ORF	
  predicDon,	
  rRNA	
  &	
  tRNA	
  predicDon	
  
Gene	
  model	
  building	
  

Universal	
  genes:	
  reverse	
  profile	
  search	
  
Homology	
  search:	
  by	
  signature	
  or	
  alignment	
  
Chromosomal	
  clustering	
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Assemblying	
  Metagenomes	
  



Kiki:	
  a	
  Parallel	
  k-­‐mer	
  Indexing	
  Engine	
  
for	
  Metagenome	
  Assembly	
  

•  Parallel	
  library	
  implemented	
  in	
  C	
  with	
  MPI	
  
•  Majority	
  of	
  nodes	
  used	
  for	
  indexing	
  sequences	
  
•  Efficient	
  hash	
  table	
  allows	
  for	
  fast	
  queries	
  	
  
•  Advantages	
  of	
  Kiki	
  assembly	
  

– Greedy	
  algorithm	
  provides	
  most	
  important	
  results	
  first	
  
–  avoids	
  O(n2)	
  computaDon	
  
–  uses	
  distributed	
  memory	
  
–  supports	
  job	
  persistence	
  	
  	
  
	
  



Kiki	
  
 [1]  GTAATTGCCATCGGTTGTACGGGTGG   (SEED seq) !
 [2]   TAATTGCCATCGGTTGTACGGGTGGA !
 [3]    AATTGCCATCGGTTGTACGGGTGGCG !
 [6]    AATTGCCATCGGTTGTACGGGTGGAC !
 [4]     ATTGCCATCGGTTGTACGGGTGGGCA !
 [9]     ATTGCCATCGGTTGTACGGGTGGACA !
!
 [5]      TTGCCATCGGTTGTACGGGTGGGAAA !
 [8]      TTGCCATCGGTTGTACGGGTGGGCAA !
[10]      TTGCCATCGGTTGTACGGGTGGACCA    !

1	
  

2	
  

3	
  

6	
  

9	
  

4	
   8	
  

5	
  

10	
  

2	
  

A !

C !

A !

CA !

CG !

A !

AAA !

CA !G !



 [1]  GTAATTGCCATCGGTTGTACGGGTGG         (Seed) !
!
       TAATTGCCATCGGTTGTACGGGTGGA !
        AATTGCCATCGGTTGTACGGATGGAC !
        AATTGCCATCGGTTGTACGGGTGGCG !
!
              ...  ... !
!
                      GTACGGGTGGACTGCAGCTAGCGTGA !
!
Old consensus !
_________________________________________________ !
!
      GTAATTGCCATCGGTTGTACGGGTGGACTGCAGCTAGCGTGA !
!
                       TACGGGTGGA................!
                        ACGGGTGGAC................!
                         CGGGTGGACT................!
  new queries                   !
                                ... ...                  (moving prefix) !
!
                                      GCTAGCGTGA................!

 getPrefixSeqs( query       = TACGGGTGGACTGCAGCTAGCGTGA, !
                minOverlap  = 10, !
                maxMismatch = 0.05 )	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hashing	
  



HUMAN	
  GENETIC	
  VARIATION	
  

1330	
  molec.	
  bio	
  databases	
  	
  
Nucleic	
  Acids	
  Research	
  (96	
  in	
  Jan	
  2001)	
  





On	
  the	
  allelic	
  spectrum	
  of	
  human	
  disease	
  
David	
  E.	
  Reich	
  and	
  Eric	
  S.	
  Lander	
  	
  

	
  Human	
  disease	
  genes	
  show	
  enormous	
  variaDon	
  in	
  their	
  	
  	
  	
  
allelic	
  spectra;	
  that	
  is,	
  in	
  the	
  number	
  and	
  populaDon	
  
frequency	
  of	
  the	
  disease-­‐predisposing	
  alleles	
  at	
  the	
  loci.	
  
For	
  some	
  genes,	
  there	
  are	
  a	
  few	
  predominant	
  disease	
  
alleles.	
  For	
  others,	
  there	
  is	
  a	
  wide	
  range	
  of	
  disease	
  
alleles,	
  each	
  relaDvely	
  rare.	
  	
  
	
  
Reich	
  and	
  Lander’s	
  2001	
  paper	
  on	
  the	
  possibility	
  of	
  
Genome	
  Wide	
  AssociaDon	
  Studies	
  or	
  GWAS	
  
	
  
By	
  2007	
  there	
  were	
  many	
  studies	
  underway	
  
By	
  2013	
  over	
  1,700	
  published	
  GWAS	
  studies	
  



Complex	
  GeneFc	
  Diseases	
  

•  Alzheimer’s	
  39	
  	
  
–  5M	
  	
  ,	
  $200B	
  

•  Parkinson’s	
  19	
  
–  1M	
  	
  	
  $25B	
  

•  Diabetes	
  62	
  
–  27M	
  	
  	
  	
  $174B	
  

•  AuFsm	
  8	
  
–  2M	
  	
  	
  	
  $60B	
  

Current	
  GWAS	
  methods	
  consider	
  single	
  SNPs	
  in	
  a	
  linear	
  
AddiDve	
  fashion.	
  	
  Limits	
  due	
  to	
  method,	
  study	
  design,	
  	
  
Assay	
  cost	
  and	
  and	
  compuDng	
  power.	
  
	
  
With	
  increases	
  in	
  sequencing	
  capability	
  and	
  compuDng	
  
capability	
  it	
  will	
  be	
  possible	
  to	
  dramaDcally	
  increase	
  the	
  	
  
power	
  of	
  GWAS	
  studies	
  for	
  complex	
  geneDc	
  diseases	
  









11	
  new	
  loci	
  Implicated	
  in	
  Alzheimer’s	
  from	
  
a	
  meta-­‐analysis	
  of	
  54,162	
  individuals	
  

Nature	
  GeneDcs	
  	
  published	
  online	
  27	
  October	
  2013;	
  doi:10.1038/ng.2802	
  	
  
	
  	
  



1,738	
  studies	
  as	
  of	
  Nov	
  8th	
  2013	
  









ComputaDonal	
  CharacterisDcs	
  of	
  
BioinformaDcs	
  Analyses	
  

•  Compute-­‐intensive,	
  small	
  to	
  moderate	
  data	
  
–  Similarity	
  search,	
  alignment,	
  trees,	
  metabolic	
  
modeling,	
  protein	
  folding,	
  molecular	
  docking,	
  GWAS	
  

•  Data-­‐intensive,	
  big	
  data	
  
–  Short	
  read	
  mapping,	
  NGS	
  error	
  correcDon,	
  kmer	
  
counDng,	
  phylogeneDc	
  binning,	
  variaDon	
  analysis	
  

•  Compute-­‐intensive,	
  big	
  data	
  
– Assembly,	
  network	
  analysis,	
  all-­‐to-­‐all	
  similarity,	
  
inferencing	
  over	
  mulDple	
  data	
  types	
  

•  Tradeoffs:	
  speed,	
  memory,	
  quality	
  



Big	
  Data	
  Challenges	
  for	
  BioinformaDcs	
  

•  New	
  types	
  of	
  methods	
  and	
  new	
  algorithms	
  
–  From	
  O(N2)	
  ⇒	
  O(N	
  log	
  N)	
  ⇒	
  O(N)	
  ⇒	
  O(K)	
  
– Non-­‐alignment	
  methods	
  and	
  streaming	
  

•  New	
  types	
  of	
  Infrastructure	
  bringing	
  biological	
  
data	
  and	
  compuDng	
  together	
  
– Users	
  need	
  to	
  have	
  an	
  environment	
  where	
  they	
  don’t	
  
need	
  to	
  move	
  the	
  data	
  to	
  work	
  

•  Ability	
  to	
  share	
  methods,	
  protocols,	
  tools	
  and	
  
insights	
  leveraging	
  social	
  networks	
  
–  Enable	
  the	
  best	
  methods	
  to	
  win	
  regardless	
  of	
  where	
  
they	
  come	
  from	
  



                   DOE KBase is One Such Effort 

DOE Office of Science • Office of Biological and Environmental Research 	



Knowledgebase	
  enabling	
  predic.ve	
  systems	
  biology.	
  

•  Powerful	
  modeling	
  framework.	
  

•  Community-­‐driven,	
  extensible	
  and	
  scalable	
  open-­‐source	
  sooware	
  and	
  
applicaDon	
  system.	
  	
  

•  Infrastructure	
  for	
  integraDon	
  and	
  reconciliaDon	
  of	
  algorithms	
  and	
  data	
  sources.	
  

• 	
  	
  	
  Framework	
  for	
  standardizaDon,	
  search,	
  and	
  associaDon	
  of	
  data.	
  

• 	
  	
  	
  Resource	
  to	
  enable	
  experimental	
  design	
  and	
  interpretaFon	
  of	
  results.	
  

Microbes	

 Communities	

 Plants	
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